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AN EDGE-EMITTING TUNABLE SEMICONDUCTOR LASER 

The present invention relates to an edge-emitting 
tunable semiconductor laser which includes a laser cavity 
that is made short to prevent mode skipping. 
5 Laser diodes are routinely used as tunable sources 

in optical data transmission applications. In this 
context, it is important to achieve a wide tuning range, 
i.e. a wide range of laser emission wavelengths, without 
fear of mode skipping degrading optical transmission 
10 quality. 

The Figure 1 graph shows the tuning range of a 
^'standard" distributed Bragg reflector (DBR) laser. The 
M graph shows the laser emission wavelength in nm as a 

eg- function of the control current in milliamps (mA) applied 

'-•B= 15* to the electrode of the tuning section of the laser. The 
%l control current varies the number of carriers in the 

i.C| active layer of the tuning section and influences the 

% laser emission wavelength. As a general rule, the gain 

section of a DBR laser has a length from 300 micrometers 
C!| 20 (jam) to 900 \im. For a tuning range AX = 17 nanometers 

rib 

i==i; (nm) , the laser emits 35 different modes. 

rili Mode skipping is also inevitable when a ^'standard" 

tunable laser is used in association with the miqro- 
electro-mechanical (MEM) tuning technology, which varies 
25 the length of the resonant cavity of the laser. It has 
been established that varying the length L of the laser 
cavity varies the laser emission wavelength X. The 
variation in the length L is of the same order of 
magnitude as the variation in the wavelength X. 
30 A laser of the above kind is shown in the paper 

^^Tunable laser diode using a nickel micromachined 
external mirror'' by Y. Uenishi, K. Honma and S. Nagaoka 
published in Electronics Letters, 20 June 1996, Vol. 32, 
No. 13. 

35 Figures 2a and 2b are diagrams of a standard MEM 

tunable laser. The laser diode 10 includes a cavity 
delimited by two reflectors, one of which is a fixed 
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reflector and the ot-her of which is a mobile reflector. 
The length of the laser diode 10 is approximately 300 |xm 
and the laser diode has a fixed mirror, for example a 
cleaved mirror, at the front. Varying the length of the 
5 cavity tunes the laser. To vary the length of the 
resonant cavity by means of an MEM controller 25, a 
nickel mirror 20 is placed to the rear of the laser diode 
10, which is mounted on a base 50. A tuning range of 
20 nm has been obtained, with an accuracy of 0.01 nm. 
10 Nevertheless, the Figure 2b graph shows clearly that this 
tuning range is not continuous, and that it suffers from 
mode skipping. 

1^^.^ Mode skipping must be avoided in applications to 

L-3 dense optical communication systems, which generally 

is 15 include wavelength division multiplexers. Tunable lasers 
are often associated with wavelength division 
multiplexing (WDM) systems, the density of which is 
,;rfi continually increasing. 

Many other tunable lasers are available off the 
20 shelf and most of them can be grouped into four families. 
CI The tuning range of distributed feedback (DFB) 

lasers is affected by temperature. The output power is 
r.y high, at approximately 30 mW to 4 0 mW, but the tuning 

range is limited to only 2 nm, which is insufficient for 
25 applications to WDM systems. 

^^External cavity" lasers have a tuning mechanism 
consisting of an external bulk optical component, such as 
a filter or a grating, for example. However, external 
cavity lasers are too costly and heavy to be implemented 
30 in WDM telecommunication networks. What is more, their 
reliability has yet to be proven. 

Multi-section lasers are tuned by electrically 
controlling their different sections, which can consist 
of DFB, DBR, sampled grating DBR (SG-DBR) , or 
35 temperature-sensitive lasers. Multi-section lasers have 
a good tuning range, of approximately 15 nm to 50 nm, 
with an appropriate output power, from approximately 



5 milliwats (mW) to approximately 20 mW, although these 
values depend essentially on the type of laser used for 
each section. However, multi-section lasers are complex 
to implement and have complex parameters, and their 
resistance to aging is as yet not well understood. 

The fourth family of tunable lasers consists of 
vertical-cavity surface-emitting lasers (VCSEL) , which 
are associated with the MEM technology. 

A vertical-cavity surface-emitting laser is 
described in the paper "'2 mW CW single mode operation 
tunable 1550 nm vertical cavity emitting laser with 50 nm 
tuning range" by D. Vakhshoori, P. Tayebati, Chih-Cheng 
Lu, M. Azimi, P. Wang, Jiang-Huai Zhou and E. Canoglu, 
published in Electronic Letters, 27 May 1999, Vol- 35, 
No. 11. Figure 3 shows a vertical-cavity surface- 
emitting laser. 

The laser 10 shown in Figure 3 includes a substrate 
8 (of InP, for example) and an active region 11 extending 
through the cavity between a fixed reflector 28 and a 
mobile reflector 25. The mobile mirror is electrically 
controlled by means of a suspended membrane 26 to vary 
the length of the cavity to tune the emission wavelength 
of the laser. 

This kind of laser has technological limitations, 
however. They concern, on the one hand, reliability, and 
the strength of the membrane 2 6 that controls the mobile 
mirror 25 and, on the other hand, the fabrication 
process, which necessitates thinning of the substrate 8 
by selective etching at the level of the cavity. 

What is more, because of the high gain needed to 
obtain the laser effect in a cavity that is this small 
(shorter than 1 ^m) , the high optical losses associated 
with diffraction, and the increase in the temperature of 
the junction due to poor dissipation, it is mandatory to 
use an optical pumping source, which complicates 
assembling the laser and adds to its cost. 

The objective of the present invention is to remove 



the drawbacks of the prior art. 

To this end^ the invention proposes a tunable laser 
which has a continuous tuning range of approximately 
30 nm and which is easy to make, implement and control. 
The edge-emitting laser according to the invention has 
optical losses at the threshold which are acceptable for 
a wide tuning range without mode skipping. 

The present invention relates more particularly to 
a tunable edge-emitting semiconductor laser including a 
resonant cavity delimited by two reflectors, one of which 
is a fixed reflector and the other of which is a mobile 
reflector, and including an active section with gain of 
length Li and a tunable section of length L2, which laser 
is characterized in that the total length of the cavity 
L = Li -H L2 is less than or equal to 20 |am. 

According to one feature, the length Li of the 
active section is from 5 |am to 12 |iin. 

According to another feature, the length L2 of the 
tunable section depends on the tuning range of the laser 
in accordance with the following equation: 

AX = X^/2 {niLi+n2L2) 

where AXis the tuning range of the laser, 

X is the emission wavelength of the laser, and 

ni, n2 are the respective refractive indices of the 

first and second sections of the laser cavity. 

According to one feature, the laser has a 

continuous tuning range AX greater than or equal to 

30 nm. 

According to one feature, the fixed reflector and 
the mobile reflector each have a reflectivity greater 
than or equal to 90%. 

According to one feature, the fixed reflector is an 
etched mirror on the front face of the active section. 

In respective embodiments, the etched mirror of the 
fixed reflector is an alternation of semiconductor and 
air, an alternation of polymer and air, or an alternation 
of semiconductor and polymer. 



According to another feature, the rear face of the 
active section is antiref lection treated. 

According to another feature, the mobile reflector 
is a mirror external to the laser cavity. 

In respective embodiments^ the mobile reflector is 
of etched silicon, nickel, or dielectric deposited on 
silicon . 

According to one feature, the mobile reflector is 
controlled by a micro-electro-mechanical (MEM) 
controller . 

In one embodiment, the tunable section is an air 

area . 

In another embodiment, the tunable section is a gas 

area. 

The invention also provides a method of fabricating 
a tunable edge-emitting semiconductor laser, which method 
is characterized in that it includes the following steps: 

- producing a laser die including a substrate and an 
active layer consisting of a gain medium, the 
length Li of the gain medium being from 5 |am to 

12 |am, 

- producing a fixed etched mirror on the front face 
of the laser die, 

- mounting the laser die on a base, and 

- producing a mobile reflector on the base to the 
rear of the laser die. 

In a first embodiment, producing the etched mirror 
includes the following steps: 

- etching the active layer of the laser die, 

- depositing a polymer in the etched area, and 

- etching the polymer to constitute a mirror. 

In a second embodiment, producing the etched mirror 
includes the following steps: 

- etching the active layer of the laser die, 

- further epitaxial growth in the etched area of an 
undoped semiconductor transparent at the emission 
wavelength, and 



- etching the transparent undoped semiconductor to 
constitute a mirror. 

In a third embodiment, producing the etched mirror 
further includes a step of depositing a polymer in the 
etched regions of the transparent undoped semiconductor. 

The invention neatly provides an edge-emitting laser 
whose cavity is sufficiently short to avoid mode skipping 
over a wide tuning range, whilst limiting optical losses 
at the threshold. 

Moreover, edge-emitting lasers are easier to make 
and implement than vertical-cavity surface-emitting 
lasers . 

What is more, the MEM tuning technology is simple to 
control and stable with respect to time and external 
temperature conditions . 

Other features and advantages of the present 
invention will become apparent in the course of the 
following description, which is given by way of 
illustrative and non-limiting example and with reference 
to the drawings, in which: 

- Figure 1, which has already been described, is a 
graph of the emission wavelength of a standard DBR 
laser as a function of the control current. 

- Figure 2a, which has already been described, is a 
diagram of a standard laser associated with the 
prior art MEM technology. 

- Figure 2b, which has already been described, is a 
graph of the emission wavelength of. the Figure 2a 
laser as a function of the control voltage. 

- Figure 3 is a diagrammatic view in section of a 
prior art MEM-VCSEL laser. 

- Figure 4 is a diagrammatic view in section of a 
tunable laser according to the invention. 

- Figure 5 is a graph of the gain of the material of 
the active section of the laser according to the 
invention as a function of the emission 
wavelength . 



- Figure 6 is a graph of the emission wavelength of 
the laser according to the invention as a function 
of the control voltage. 

The following description relates to a monomode 
tunable laser with a continuous tuning (i.e. emission 
wavelength) range of approximately 30 nm. 

The laser according to the invention, shown in 
Figure 4, includes a cavity 5 of length L delimited by 
two reflectors 15 and 20. 

According to the invention, the cavity 5 is divided 
into two sections, an active section 1 with gain 
including an active layer 11 of length Li and a tunable 
section 2 of length L2 . According to one essential 
feature of the invention, the total length of the cavity 
L = Li + L2 is less than or equal to 20 )am. The terms 
active section 1 and tunable section 2 of the cavity 5 
are used hereinafter. 

WDM optical systems typically necessitate a 
continuous tuning range AA. of at least 30 nm. In other 
words, it is necessary for the spacing between two 
resonant modes to be not less than 30 nm. 

This Fabry-Perot spacing AX between two resonant 
modes is given by the following equation: 

AX = X^/2 (ng*L) 

In the above equation, ng is the effective index of 
the .waveguide and X is the emission wavelength of the 
laser • 

This yields the following condition in respect of 
the length L of the cavity: 
L < ^^/2(ng*AX) 

For example, for X = 1.55 ^im, ng = 3.3 (the index of 
the InP guide 11 if the second section is considered to 
be air) and AX = 30 nm, the condition obtained in respect 
of the length L of the cavity is: L < 12 \xm. 

This condition in respect of the total length L of 
the cavity 5 depends greatly on fabrication and emission 
conditions and the required tuning range. 
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A laser die 10 is preferably produced such that the 
length Li of the active section 1 is from 5 |j,m to 12 |am. 

The length L2 of the tunable section 2 then depends 
on the required tuning range, in accordance with the 
following equation : 

AX = (niLi+n2L2) 

where AX is the tuning range of the laser, 
X is the emission wavelength of the laser, and 
ni, n2 are the respective refractive indices of the 
first and second sections of the laser cavity. 
The equation expresses the fact that the laser 
cavity is defined so that there is only one resonant mode 
over the tuning range AX. One consequence of this 
equation is monomode operation of the laser. 

In Figure 5, the gain 2 ^f the material of the 
active section 1 is plotted as function of the emission 
wavelength X of the laser. The equation used is as 
follows : 

g = go + 2.66AA. - 0.247(A?l)^ - 0 . 0017 1 ( A?l) ^ 
Considering a resonant mode at the maximum of the 
gain curve (point A at 1545 nm) , the secondary modes must 
be at 30 nm (points B and C) . The material gain for 
points B and C is less than -250 cm'^ and +6 cm'^ for the 
principal mode at point A. The laser therefore emits 
only one mode, because one generally accepted criterion 
for qualifying a laser as a monomode laser is a gain 
difference of only 5 cm""^ between the principal mode and 
the secondary modes. 

Considering a less favorable case with two resonant 
modes close to the ends of the tuning range (points D at 
1530 nm and E at 1560 nm) , the laser could exhibit dual 
mode operation, oscillating between the two modes, 
because of the small material gain difference between the 
two. To prevent this kind of operation it suffices to 
generate a gain variation of at least 5 cm'"^ and to move 
the resonant modes a further 1 nm apart for a component 
tunable over 30 nm (from the equation for g (X) previously 



discussed) . For complete rigor, the previous tuning 
range equation must therefore be written: 
+ 1 = XV2 (niLi + n2L2) 

The problem that the invention must solve is then to 
produce a cavity for an edge-emitting laser as small a*s 
this (Li from 5 ixm to 12 fa.m) . 

The cavity 5 is delimited by two reflectors 15 and 
20- With an active section 1 having a length Li from 5 ^im 
to 12 |am, it is not possible to produce a fixed mirror 15 
by the classic cleaving technique, the accuracy of which 
is of the order of ±5 |Lim. 

The prior art technique of Bragg stacking, used to 
produce mirrors on the surface of components such as 
VCSEL, cannot be applied to producing mirrors on the edge 
of components like the edge-emitting lasers that are of 
interest here. 

The fixed reflector 15 must therefore be an etched 
mirror. Several techniques can then be envisaged. 

A first technique consists of etching the active 
layer 11 of the laser diode 10 as far as the substrate 8, 
followed by further epitaxial growth (known as ^'butt 
coupling") of a non-active material that is transparent 
at the emission wavelength of the laser, in which the 
mirror 15 can be etched. The material used for this 
further epitaxial growth (butt coupling) is preferably 
undoped InP (index 3-17). Wet or dry etching of the 
epitaxially grown semiconductor using prior art 
techniques then creates a reflective mirror - 

A second technique etches the active layer 11 of the 
laser diode 10 as far as the substrate 8 and then 
deposits a polymer, for example benzocyclobutene (BCB) , 
which is then e'tched to obtain a reflective mirror. 

The above two techniques can also be combined into a 
third one, by depositing polymer into the etched 
epitaxially grown semiconductor to have a 
semiconductor/polymer alternation instead of a 
semiconductor/air or polymer/air alternation. 
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According to one particular feature of the 
invention, the fixed reflector 15 and the mobile 
reflector 20 each have a reflectivity R greater than or 
equal to 90%; this is to compensate for the short length 
Li of the active section 1. The condition at the laser 
threshold is expressed by the following equation: 

a = l/Lilog(l/R) 

In accordance with the invention, the mobile mirror 
20 is associated with a MEM controller previously 
described. 

The mobile mirror 20 can be made using prior art 
techniques such as anisotropic etching on silicon, micro- 
polishing on nickel or dielectric deposition on silicon. 

The laser die 10 is mounted on a base 50, for 
example a silicon base, and to complete the cavity 5 the 
mobile mirror 20 is fixed to the base 50 so that it is 
face-to-face with the rear face of the die 10, which 
advantageously carries an antiref lection coating. 

The tuning range of the laser depends greatly on the 
materials used in its fabrication, since they determine 
the refractive indices. 

The active section 1 of the cavity 5 consists of the 
gain medium of the active layer 11. This can be a bulk 
material such as InGaAsP, InGaAs or InGaAlAs, or a 
quantum well structure, preferably a stressed structure. 

The tunable section 2 of the cavity is air, or a gas 
for an application to gas detector, for example, the 
presence of a gas modifying the refractive index of the 
tunable section and thereby modifying the emission 
wavelength of the laser. 

The Figure 6 graph shows clearly the continuous 
tuning range of the laser according to the invention. 
The variation in the emission wavelength of the laser is 
directly related to the variation in the length La of the 
tunable section 2 of the cavity 5 of the laser. This 
variation in the length L2 is in turn related to the 
square of the MEM control voltage. 
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The following relation has been established: 
AX = 2AL2 

where AL2 = k^V^ and 

k is a constant whose value has been determined as 
5 0.8 nm/V^. 
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